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^•dr iind C3r» '4m k* Qe^s^r of t?^ ^•mml Or*sftsie« Iiftb«ratoiy for
o««d in this «ork AT5';' for th^^^lr t»>jabl» sf^g:r««ftior:« and enft©ura®»-
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1, G<Ha|Kirl«oji of Bfi^potic tui^piiiijr audi
6« Obaraaterldlil^ ci^jTsf® fl^fi far a pcirli^ul&r
X6
1?
14» typical aljaractyrlaiio atu^ve -








t% "S^tml afagiastligation owrm oxsd
iiM.tj eisrv^ £&r cor© II ..,.,.'.,•»••*,, 31
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€(ps sij^ply ToXtii<g# «. • « « « s» * * # * **#.#«# * 4^
27» G:ha3?!a«stari©l>ic Gurras for ^rles filx*c-'uit







llr« B. ? ^* Al^s^xrdoraoii of tto Cbuor&l KLo^itrlc Ck^ps^y in 1916
Tor u»© as &Xi audio Cs^qTseocj.' siod«iLator of M.^. in^qmums'/ ci-arr©nts
for rsdio telsip&oi'sif« fh® sa^grMio iaajjlii'l-iSiE* b©c^.m© of i^shot ims^r-
tar-ce iii tiliia countx'7, ho«r«v®r, booaii??© feh«a ihs-T^Xoiw^nt of efi'ieietil
dr^' disk ry<jtifieri3 §ikI liiglbt-ps.Tgiei^Mii'ls^' BKig^ti-e ©os-'sa iSf;?.terial3jf
both ceoeaswaiy to th© dsssi^ of ei'fiei^ait jaai^si^tio e-stplii'lera^ oasao
latfciT than thi^ ^^opulsti"" mt^h&ymQjsJ^ oX tJbe vaoiam tiilj©* % tl^fe I»ij3©
saagBatic aapXil'ier, #3JLX@ %M U&mim^ ^srmmd tt$ ^m^tm&ni for
pcFtmr api>lioatl<»ui* ?h« succftssful xsm^ of tli© saagiiaMc ajaplifi^i*
tiirou^o-!^ tJhi» Gbi^Ksn Sa^ for to® 3?t»&r0 has clTOfSSiiti^i^siQd its 3ffl*
cii^rusS'"^ pipactlcabllitj, aijd r©3i.st&iio-e to r'ailtssE^a ttii^ to shock sM
vi1}i^ti<3i. Its ru.;'g#dnoi;^£5 ^aas a^jaQi^strciUxi a^isn sl sdne^ ij^lii^iag
a LXit;nc'ilc amJliflsart ^'^ dropiJod trov^ im atri^lsn^, aisi Mt tli©
rooks-^ b^^Sfo ilJUSt(«g94 ®i^ tli^ wat.ar* It iJa-s Sijlit wiii$ c»pS8i| but? iste^
fiaactioti periQctj^*
In recent 7>2-ars, diy dick r«wtifi^rs oi' fcfea ml#r»i>js or cop*>
per o,£id0 %yim hav© pz'tyvlded. a cjon-srexiiaBi* m^&m^ for i'«N3iifioafeiori of
tiifl load CT.irrdii'ti to oli^^iii d-« outi^ut ajad. liigii saiasitivitj fc^' posi-
tive r&edbaojv* Afi^tfeiwi' iss^Tt&nt d0velo,.'si^«it Ims h&mi %m pi-odwi^
















urailon otf tlie oot^ requires Xciss exed^ation#
i- r. -, ;;:",. -'i.-ir-. -JsiiXiXx^r le a power ^piltyliJ^ i^yutf^r; t^sCviidri^
its eoisbrol jpropex'tiiss froia th© ^tuWitiOK of hi|^i p^swrnhili^-s
flttgneiid ec»«8 c&llsd reactoi*!?.. It eor«sisti.t o£5js©iitia.lly of tk dry
toi-©i in nsliicii thfe degree of 3aiagiae^i»&tlo» sag flux i^umg& ig ooi>-
trolled 1:?:; auaAllai^r wlr^dlngs, "niQS^ iiro no emjti«4Jt«-* isoviiig parisj
fii^-x.er.t;;, or otiiC'r i"eat.iii'wiJ w-:4,aii seaiKj i^ Xlafel© %o oper&siDg fail*-
iii^i or T^hd-Ci'i n©o^sitiit« coriSt*mit ia»|>90tiois m^ md.j^mm3m&M X%
mt 1m jmM im0i wm^ v&egmi md i^lia^is? %lms^ a ^nmrn^i %iiim mipli^
fi«r, ajid ita lii'e spua i» iadefiiaita*
Oi5«i of tha gr<^t©«* ®dvmjii*i.ges of thii i^gnetic ^sE^jlil'larf
In ^iidlilHrn to It^ rtiggiSid£ri»&@if is th'::; a<m|il9t@ i^ol&tiori of iupjt
axud <r«t|>ut l.oadi5» SiriC© it is a lacrs^sr ©parfttcjd. devio®, tlis© 4m|j^-»
dsszic* ol* tlie ad^Bol, (caiitrol) soiqpo© ^k>u14 aatoli th&fe q£ tha coi>-
trol irindlr^ lor optdjstas peyfonaaKC«> a^ad t;?.« lo&d should bt:» ssat^slied
to %h& aiajjUUl-sr*
valid ir; sci£-;fi! r®»p<3Sts- fiio co^rol wirEiiJsga ssoraroSiJorid to ^Isa^
to the ;^t^ oli'Oidt* It uii^ be not^l, iTKjwsrrerji thi-.t t:i0 £S5,gMftlc
aBplifi©r is a cisrs^Et apsrat^sd i^vio^j i^ clir^ot ciarrent appXiM to
tlie csjmr;^! witadiBg sluiiigeg! th» &^ isip®dias<s© of suaoth^v^r Bdiaili.i^«
Tlie TiiC'uiaa tii>o lisiy b© c«>riaid©r®d to bfii a variabl® r^sist-^^uis^ in a











in an Oi-c. c;ijfcult. In either o&m-^ a ssaaii a^riUrol ai^aea is tJsiHl
to y&ry a ha^r.r irelus Oi cur-rentt or paw&T In the iood circuit
oatttd la Figore X»
§|^fefi Circuit llithonfe r^^e<Sba.ek
JPigiAT© 2 aiiows » basic .— ,.:::':^:/tic i^^jllfi^r clrci^t# It is
A a<.3ri#s oireuit witSiOTat r^MbtiUk. Tbe a-c cii«ciait <jaiisi©ts or tlusf
Oor&-&^ a««-c volta^je mii.>pis''» ^'^^^d locd* ^a cciit^roX cii'cult consist
s
of Vsm coatrol wijiiiii^, eomia'St^i in mrio^ oppoaijag ai> l^iJ^t wo
fiaQdaaenfeal ac9ai?o»@iit of t^ ?a*<J ^i^ppil^ if^Xt':ig^ ^pp«ax3 mt tte tsoN-
aiimlB of tli«j QOiBfcroi oi-i*c-uit*
la %lm (il&QiiBaion tla^t ioXlxm^, m^- i^siat»£in« la til® a**©
irlMiiig ia Iis^^Ki ^th th© load .resi^&.iicj«f# ^ieh t^;:)pr€ssdBiati03a
m-im^u ii«tle esn^oi"* IThiJs th© drssp ^ero-gg tha rea^Jtox' ia cossid*
w?cci purely iiidtcijCtii^^
Tm aaiaiax in isliiei^^ 4s. s&,gss3tic ay^ixUil^ssr aoc.tia'ois tb© au"t-
p\it ^-xwor is sio»t readily mmi W o<>«»Msriiag: tli® »hsj mixdiM$ o-f
th© rs««*oy ctjj a v^sjlabi© iapoiltijis!^ ^:ii^i can Ins etertg^ afc will
frott a iil:sh ^?!aliK?. -"^ a Icfmr »<raii5e, tlji.s vnristi-on Is s-^ltr/^d 1:^
ti-aa aac^i0tic sat-orctioii oi' ih© ooi^ ^it^rlal c^ iabki©h tM two ?4»:$-
ijAgH «r©. -^Kjiaaiii this dscr^^sas th© efrectlre roacft^-^naa of the £»h<*
«ta(MU£ig^ all;OwlAg aaa Ijicr^&se ia sJow oujfcpiiit. gurr^Oi?. -iowijiii^ :;i^'ci\3^;
tija load r^Bl^tmse^ Um at^put O^srsmit 'eelag a^^cs d'erl-r^d fr«K3 tb^
»-<! ©O:,,roc;. Siacas the r'©?5ult-:;j^ ci^osig© in ^p&wer iHr^oi^p&ted in the
Xoad c^rx be v:*rx;3ldv.:ri,vl4;>^ p-Sia-t'-x Uimi th© pcusisr Ciiuaii*^' ihc contiroi



















Ua.£Q0tio circuits c«.4rmot 1*9 eotwm-dcmtl.y o&io-ilfifcod striai^
id f^X^-'
-
y'» ^" -• -- ^^J -l-ii l>--'' - -..LOWS
to one -fcij© 0Uii.ra©'&<3s-ls'&ic cmr^-^ && ^^homi ixi irlg-ors 5«
'Ih© axo^ ir: .^'ift^i-^*®^ 4 eiK3 5 Bay fee le.bl<jd Ir. electriCiiX
units «i3 wcl'- '^ r^i.;;ivi £iiS-|
(l)» ^$a tl^a?© is Kc d-o 93scitatlc;nj> lih« i-tiactoi- yoibag©
drop ia proportio tlm fxlternatirig la&gsiaiic i'luii dorjsity in
ths raactor ooi's.
^Wa«t03r =* ^*''*^V ® ^ ^ ^ volfcs =r k^b^ for a givmi cowi
"Bii©«« ll|. - a-^ ^^- Tig
A - cross s^otiojjti^l ar0£*
(2) . . --.., .^... rv-^rvr-^.;- .:,^_e^— :^- . ..-
,'*Xf::^4J, : '^ ' .jiv«n 00^ ^.<«
;j..oGtricaI md.zB vdXl now bs vtmd iix dli3Cus£siJD^ the aegssi&tio
clmracteristiea of the cores*















is Ua&mior^ s^gt-aat'jsd b^r I * The po^^y c^n-llfiO'fit^oi^ is th© rsiid
of the chaufii,'-.' .'.;; x x^ vo tlae v;4i<.-: -jj..iri-u.. .. „ ro^
latiOB bstjweeii -yi© ;:- --ilB^ gw3i^«to L. oxjd tiw irjl,. .ivage %$
1ih<s value o:r I :'.jRor®aseu «va I^ iS ittcrfctti.K4»
&*-o cirotiit, J'igir'© 3 ia a schtsriatic dl:i,'Tr?*? of thei aEr^llii.;r sliC^?-
i^omi in Figiurd 7*
Mien tiki: miluc oi roa<rtiazK3« iii ssrics r^lth tho load 2*oal>*
ir. Fiijura 7* ^'©i" iHuatrativa pwrpogit
^
.a i& 41'awm tor a
tii:3?i:!'olii o>u.',n'''u ill tli^s v?.'.lu& i:;-!' the rouctsaidj 'slth i^iints.^ X ssrt ati















Figure T Fig ure S






o:^ Figur* 7 la £.t-»omj i.. Fi^T'^ire- ^ Sijac© til© Ixip-iOi^no© Icciac io
lirieiii.- uai t;:50 ralulawn isViJ^;:id«iti© is E, the isc^itt'-JiC© ioc.v, ...^ a
bjgji a a.i,in1m32; T>^Iiii&ji tfaCk a4iaitrt£i^£KS& oi' til® circuit b&u imxXs^m
mstu
(d)
Figure 9 AS Ua© Dmllar eli^ciuo Oorr^jpojaditig to the eur;r«at XoctMl
of diMMHMir S/K is tli© (^iroiiXi:x voit..j:tc locmj !ir.vlr4f al^rseter E*
their stas Is iilwoys dc^aal io Ui® &..)|ili<yii voltriAgei &* fiaass© v^otojrv^
liil o,ddltion3 ••,re skD^m i:"i Fi/'T^r^d 9,« '--Bti iMieat© the 0»ii'^ of
vt)ltugQ diHspj? aji reactor ;a3d lo^u ~.ii me rac^cliaiiasi? of the satiirabie
ooro dovi&s id «djuirtod«
!l^ Yoitago locus m^ bsJ .I'xdd^raiS!! iis ahov,-xi ia i'lgiurs IG»
%ai]^y th@ yeotoik-l^j^I &t£» of r@9l£r|or &&& :s^»^j^qv drops hus% e«.^\ial
the sa:r-^lv "^r.lf,.-r-Aj givii^s ili© sii'^cul- r js^p-iil^- volta^a loeus ehtiim*
i1.gi.ti'Q 10 iiiiuw^ (*'w*.^& IT t»h0 i=aae«aac6 -&&t^ mrOp lihe ©Bfeii^ mii>g3^











1^-po'ir.n.ti -_ „.: %hs E -vector o:. ;. . --ntn- .„ __...
The Xi,. siiowa tlK*fe tha -.oti'UusJL iiiaii/i; oi' tli© <3JLroulw eurx-eiiu v»r9
In tJiQ ratio q£ 3 to 1» mSail© taoTT&s-pQn&iw^ iieit3 oi: the I'ciaatca'
ano© c - r„j;.t .: j:. .. 3 to i Xom ciirreat atviisg, whXm aifciioks i'oi' fch«
vaJlues \jMod in Uiis llliustrwtion, "^ife-ui^ 10 s^<mn n rsactor volt-
age sc . loe^ voltag® JWSfel©, -^^ V- v-:-.,. -...-•-...
givmi Imxd TeBtujt^moQf ttosf v«l«« aC load voltag® coiTSSTjcmcla dlreet-
cii-'Ctuar iocms ox load ©«rr®iit tb* raaofcor volfc. -ir»C3 this iM
not ooEnmnl©nt, fclio clrol« oa.n b© coinr^rt^ t»o an ©Uips^ bj^ ciumg*
iftg om fj'avi.i.w, in fehe -uio.; • -^.'--.nQTt
« «
^Ceactoir "^ •^- ^ '^^ ©qtmiion of tsh® dbrcular loous*




atiich i0 tli# «t|uatiQB of utx ©llipB©»
a2 ^(^)2 -^'
^'
TMs «11JL|>0© is an oporat:lr^ locias rala^i^g the- psi^actor voltago ifltli
tia» realtor (or iaad) curxsanta
For aero si^jsol %h& lina 'rolfcag© is so adjtjsted that tlse
«)ej:dLmin3 flux donsltv in th«t oor^s i^ ^x&t &t tii^ kimei of %ha 'im^ate^
la^i_-,>.. uiiTva* '^.y:'^- -' '''-'^ sigiial is apptl ... .,...-.. wiMingSj,-
ths oor00 ar® driven iiioo aattaxatian»
Ths operation o* ^..-^ .c^^actor -l,. v.,.w.:..,.-iiv>.u .u,i.-. ...,



















toa GiJk&iiNacrtcristlc S'siTTO xieM oX ZiiB cor© JSfit^rieJL. for tb© assas^r*
iii H^;^^© la, U'ii^ ttSKi of "&iie v^%&g© m^tOT Is 2.c«>«itai »*-t ^toiafc %
is repi-eecKlied 1?)' 0<L din tiJb« r'^^cfeor Toitage minXo, ?i»d tli© 4rap
aei?0:SSS til*' Idafi 1)^^ Ock <3ii %lm Xmk4 Toite^^ £»€al®» Foli^ o-n Us©
i&lXiptiOiaX ©uri^nt Xc^«s eorrfc?©|^«£l2i tO' this poi-diion oi th® volt*
^M'u UJi^'jO* G&iT&&p^S$i)^ to talis' msabej-;* cd* coiiiml u.-i-'i-;. -j-t^va^jsis
C G
185 i'«>r UiQ ainij^ji© jMiJ&iMmm ma-m^ .glaring 1^,3^ ^liia to Ii3»@ €mJ«li»»»
6,%^ Oi% * fimS', for oosfcr©! lm%wmm. p^imw- © ^s.iid f on Use ^mrxwit
hatriiig vgs:riotj^s mrn'M^ri-^if:^, but props^r 0@i«MStioii ol* ©ore tetaan-




at point c, %}m mlm oa' RqOL, is 30} tb©i*eror© I^IT^ « Poiafc e
la projeofead on the v^r*tlcsal eixis^ ajad &. •mii»e of H I^-.52 is r^adj
tberefoirQ r,«-J^ * fhiaa a vfiliie of I. b&s Iseaa obtained for a mlu«
of Iq, Siiailarlv', a -mX-m of 3L aad I^ osr b© oHaim4 far ^svoiy
point on tiie ciirrenfc opcjratiag Xo^-ua. tbs g^mt^tol elaasumct&ilstio
for the JMKfles eircx;!!^ without xoedbac*: is 3;--ia^3trice,i|. Flpirts 12
is a typical ourv® for aii «mplifi45>r in ^JUsh Ui& imaibm^ oi' coatrol
tuma is «quai to tli© siaal>;;2- o.- a*-c tmiis, At aasro oosat^ol otarroirt
tliera is ft mmlX initial eiirr^iit Xq# as tinj iiapfadano© oi tii® a-e
wiDdin{? in "Wais ooiisiitioi^ is Iiigii but aot iKl'laitsf* ttSii is the
««oitij3g <?mT©nt* As tiia d-c signal ia a|>pli@dj^ Um i:^)^i&nm d©^
(5r®6»9S ajid 3^ incy^asss psrmctlci'^Xy llatt^lj^ «it a slope^ (in
tills oaaa l)» Wj^s the ./iMi»s" 53^?oda»o® beooE^s var^ low, the out-
pat cunsmt a,;rjroii0>ifi-is a lissit sat l^' ta« ^^i'iLi^d a-<? voltai^o apd
the total elrc\d.t s'^alstane*.
A s^xias nat;^iiietle la&pliiler incoipoamting feedback ©ff@Ot
i» al:i09m in i'i,^'r-9 13• With thin aorsauge^e-jat, aa0i.®i2:ig IDOJS ©rri-
cianc^r of roctillorj tJao full x'^ctified OTitptit «^2r?@iit is p&|i»iS
tiiroy#i tm feodbac*; wimiags IL,| thtss the d-c im-^seftisslng fore©
is proportiozial to !• « the poroentage of fsadlK^^ is glY^n l^' tb«
r&tio& ,
h
Tha oo25[trol chtu-eustoristio for a sesfiss ^I2s©.etad f©«db&<^
ilUplif1-57 i© aboim Ijn figure 14«
f3P0sa tfcia assperowtiamt IksI^ko® X&w^ for a 3«5ri«»g oo«noct«i4
eiixxuitf the tot«.l d-c aiape-i^>-»tmiis r®quir®(^ for tlis cjyrrerit 1- to





:i»«d&«oa j>jirtr. t ' . ,.v*rr* :if- . ;:i.-, .,^. T^-i^i
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:^ pmrldizii: hi&& sxcitafelcai i>03::f a separate amwoBg ths
csoisliro.I ch8rm«terlsiio can be ^4« aSy^seeEtricsai with r«ap@cl> to
is usi^»nsMy l?ut it i£J bia0@i| a-o tHat It cromi^B tlm I^ - a^l@
position 6£^mj$um 1L» d to m^' dml^od i^iii|« 3-1:.:;:^ ...a In Fi§-
xa^ X5t ^ltb.o^ Qft&&kitag tli^ silmp^i ot tJa© ' dbir^-iiyristic &xfrm»
This ^^iHofiFp th& &mr^ to bJ5 ru^ateitid on tl«> d©sij^ om.c-.tliii^ xiaii^«
Figm^ 16 ahow.; a s©lf»iscttunit©d oli-cuit sihidJi obtains «
fs:iT:i of [.joaitilfi^ r«e^tek b;:/ eaiaa^ctiBg n ImlX-^wairfj a^^tilU^a:^ ia
sarlQS isritii s$«3£i Xoiyi '^^ia^, ^ tfesit feli^s lo«/i Cui-rcmt hm a. di*-
re<5t qioTj^iut eospQusnt* fliis i^ulsiitiag u.ireofc oiscreint ia- tfca los-d
wii^ltug piioduG^&s a d-«^ Eagn^tia^tisjj. or t&o oox^s -^d^ is prop^r-
ticml to %im araragc -suluo of tim Xmd c*<arr©Bt I , Tm( a,-K5 islisfi^
issGS ill liMe eiy<3Rut as^ dorrfi^db'Sd 1ft pafaXL^i mit^sm til# s-Uv3j;sl;7' •-
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Witii no sep£a-at« f^QclbaGk tjljadiag^j t-^s; eii^uit glioi© in
Figaro 16 c^arx^spoud^ ici a seriaii eijmd^ M.feh «g3d«iii5^i i'#«4b£iCi£
oeaaia^ge of fi^^b&eK eil'^t^e ^'i^ cjia'jmtsi ^iu .tor uiiM ei**<3^alt is
to %'m aostroX t#li^Ml# af e. $aa@3a©&ls smplli'i'^.rj^ g^ii^a aortti^al am^-
rejsfe lagiS b^4M t&# %3f^lM voXt^^is tin© to fcis^ iaj'-ifi'teia©© Qi tks$
to 6^ (1 -i) of its ftoa «a« to tee SS^ eaaatjo* of tl«. »-
plifler, aud is the a^tii? of 'isiie esm^rol <joil iMt^l-arie© to itfS
r#i^i0feisee# To ob^ii^ lii^i g&ljx, ^lie cor® •miimiu&l mmt 'o$ r^ssdlly
tiv® iixpuHi Qi.TQxdtf mm a lar|^ lijs^ {^s3i^# Far l^ala i^m^soxx.M^
gain is uiisiMiilj- a33<3«ji^^^ with Is^^rgss til-2© a<m0iast#»
Ti3t@ prss^joes ax laoth ^*© ciM ^*^ i'X^^:p is the «^s*@ ml^lJ
tbe oaloulaticsia ol" Usi^g d-e Ilia ^eajlr^s^l^y tedlau3« llow(§p??«fr5 qm
ooiX cixB bs d^-relopoel b&" d©t«rsii^?3^ the- swro^i© |i#r^a»ie@ Oa ii^
ijmn path i^ilc^i lr» tsu^far^sd Ip^ th© a*<3 ,fXu^^ Wiii&h wilX iXX-u^iraie
a^i^rags
-mi^© of Xff for an ,';.su3llflar wltlioiit i©@dfecltt
ave
•-





ee.\^- MW '^. t'-.?; ass ^-3 .'ij^of lo eocisrtaft'Kj tsiiT
u:: •:_ ifciuj
^ ^ = ,1 ^, ^^ ^ J1-T5 - 9 (.X)
1SSU
fi^sm^m^jSQ^ •aiiioji ia who roc;lj.rci-,;-ui a*. .:. .• .:-Ii30ti'Jxs o^' a
»sgB©tiO patiiip is the rs,tio oC tlia latHpiJtic TiiLo:. in ths eoi^si to 'tl'io
wiga»tfl6i0tiv« ros«« i^pociuolijg it* I^ is clsmcO^- roliit:sd to salf
^^SEieaaa© o*' a» ^«»ct*»»iatig!ael^is a^isteas ia r;i-0|x>rtii3ivxl to tl»
square of tiii© migJ>®r oi" umrm s&i-i^'ija^ iliij ctt2"s-*6i]^,
* ' a-c coil L a«C flt^ i;:«i*!l
S«l^tifc-afeiii,7 (1) iri (2),
So (.4.) (P
I.
tiJMW U:^^ dko ij^Uis: t^mvorses &b3 satsiei o&tii ia a toroidal
coll an the qk-c fXwi^
^]ue tise eooaitant of %lw control oircvdt is
m
eulation to deriTS an osprc^issioii for the tir^ cjoiii3t^.nt of mx sa?pli-^





















&ixaatic?j3ka (?) aM ($) zh/£i^i %lv-i% laJae %im delay t& inmn^m'^
pfroporiicjiaisl to tJis supply?' irvK'^mr^^j^ 1% a;id ia iMsrimmA -Ami Um
tb© f<iCt that tiis fciao rnljB^ is iav^x-Be^'- proj^ortioiml to
%m fjPQiqusr^ ol" %li« r-^w^ar soiurc© iaeajia tMi; foy a $if^ia gals, «m
fi«r <»p€-;tj.icd ixt 400 entiles p-??/ sc^c-nd... Jji othi^'r m>^^| Tor aaiy
^i^ %Q Tim to ^i^ of JLfes rii»i mlufi?*
Hiei-ti ar& t's-o i^3^^!i0cls for r&iu.ci3.-4r Um t^^ cc?J2i?tr.;nt of
tli© fci^baci. clrciilt^ botii OJ:' i§3jui.ca i;'eaiA£20 tijcs ^«an* Out :aot.u.cjd
is to inaerl e<&rid0 rseistiir^^ in th© emiirai '^^issdlii^! $i2"a«5.t^
th'^naby r©j|\»(&isg tim imm mmi%&^ (|} ox' %lm c<:^ir:l ufis^r^ «is^
cait, and t^ otil2«r la ^o i'^sce tis© oiiaimv at i:iMi3^ba,<;s«;. ^i^nxm
III sboirg Um^ i£ Urn. g/^n Ui miSxm^ bj & t^-Q^^^r of i&'& %j fe^Mlag
proi^urtri01281 ho pusmr ^^In: and iad^psridaEt of ©oy® isia-tos'l^jl acd
pQfiPsr fre<,iii«^iey, Xfe i^ bett-ea!* to work t'tm. U-m m^siiaia ^aXe mn^









Tvvo Methoois of Reduciwc^ TiWie De/o*
F iq ure 17
«1
^5*
d«*<»«fes« feedbacks For a t^iirefr. ;<R»(ai' g^iiij tili$ roc^^BMOdiA pim0o^
^il3?» is to "^^11135$ %h3 laaadsaoss feedback c5«®s^M5«siirciio ?*lth istabllitj
osa?j Id isppovgjd Ir^' Vsim "O^ ^:>i' iv. iiliitjcr power is^uisac^*
«r«^^#«jd 1^^ Bolittirs^^: t?K5 §S8nU,fi«r irJS,o two Xs^ jpln 0ta|^*
Besti'ablo fis«it^tr'*-s Of JM.:gxi«t.ic o©r«3® .tor mpXiflcx tiS© a2«|
3# B^<s^ shiml^ tm.-m a -I'das^ slku-p l'«i®s an tJit^ imtrn'stlan
%bi& kn^ of fehs caix"?© catis^-^s iMui<^ mlt&;$-M ^'hidi
snikot@ ii impff'aeltiee.X to oM^in taea&i^m rolt'^;'^--;?^ BJSrtmu
% B^imil ^hm-'ld fe^T© aa high a HiiK i»asi% at 3s&tu<-aiii<«i
i» Th© jjtael ;^iKJ-uid be coiigiiatfsiEsii lao that %rm qx' acir© co*'#s
i^rlUiIi n£Jco Ui^ tile's amplii'lay will las iSiiislXar for rj^rs"fe p@i>»
forscitiGo, ami. i?E;riou.^ cyap^iXierrs ssiad® to tb® ii«i:a<j ispeci-
fictions will m.'m sirdia.:;^ -cJhitsaie^s^risfeies*











the U^v^lh><ft^'i3S^ a^ifactt-risrtia cf thiS aj5ir>lixi&r| tb^it*
«r td^ oo^r&l is iac-ri^i^gliig or d^sfCi'miSijag,
fi©r#« DQ0ire.-bl0 features «a^*
1^ Irfrar toaiwas^ i'^gl^&.aso©', in oM^r that r?ovte» losa aM
2# Vaiy low b;^4!& lai^4gi®| ifi^^Kiigist ijmreiksee im ^mmm^ of
ia poster gain,
if tli® y«K>rfell'i^r <I©toI<^2# Xeaksm^*-
MtifiilteM jail teyi^^^o^^^ M>M^^^^ tettt^ya
iJb© ^gi@ 4iM «mii^it oi" OQJa^ji®tM e®iilli"lors m^ often
b© i3ad« «SKii3£i.l tie or X^as tii&n mautaE t\ibe siipilli'i^rsj,
3* Th^ do noffc krre tl!^ power lliait of ^ssacuasa t^iJ>5^s»
4» ^G!^ lii^ i;K>s-a;- as;-:iific@:fei:m por st^./^© is possible.
I-X^'
fiff^t r :5Cl X3 ;^o n TtT>£ •.!:
Cl^i
27,
walch aow vaf» Tmisxsm iiiai»ea» l^y clo» however, aa-^'© .]iiiiliti£'3 &M
licdta&ioHB ^lioh d^i'iae Umir a^o^f %h&^ are a v^dy&bla &ddiii<m
to sadsting circuit teolmiqusa siid 2'>r© fiijdiBg iiMJitj&sij^r: ^ ::jLioa-
2» Mixlrc or is^iit Sigssfdij iiii.(^ r© at dlft^rmit voXii*^
iU Good mTQH&%sx\iil$.tj
X^ 1% iB Ti^&trl4i%^i to ap;i.-ALioatlo»s \mi^ & si^EBii fi*®-
%«»M^ timt is 10W ocmimrod to tli© s^iiiJiXJl^ t^lt^ige
4ii la &'3^» Q&M^^Bf ibm &lm m& w^i^iit of the ©gsgsati^ «^
I^ULfi©r Eg:^'' b© greater timn Uisit ol.' c. wx^mte tiO>S; a^iiiilV
Mai^atic amplifiers hm^ fomi nmi^ iudiwtrial 4ppil<?atil:>i!ffi#
3l©s of §r!ifc@ir iiB« are iiu yolt&g® rsgulatssra^ a-atomc^tie laatifc«2y
cliargetrs^ thsatr* li^tint:: ooiitrolj m%^3% saipjii'iisrsi mm audio a©-
pilfissra (with high i'rsfffadK;^;/ po^s^r sv^i^I^*")* ^-^J' ^^^'"^ ^peeialXj
siiltad for 6l»ctrioal casirol of laiiitso^ ©qtalpa^ittj ii3s6lr '^©I'vi®©

















aaa,>2jLfi«ty ta ai^pHi'y very amXl d~c powers; ih« s^iuiiaasent was so
eonstrtfeetdd th^.i «ariotis tsrii^^^a of i2a,|^Qtic eapllflsr Qirmsitn can
lift re<*4IJ^ acsesibica, aaati tii^ir eaai-^oli^ariisties oiytaiiKJda In this
fOTRL, tha ai^lifi*^ is aXf» g'^i^^ljl^ for tl» 4@i^on0t.yatioKi oi' vai^
ioiia Bis^iSfiifi aspiifier aireaits in tl^o olasfiaPGwaR or iabor&torjr*
Maj^rysiic M&t©rli.-.X3 droup of th© Haval Or£hiz..nc^ Laborafeoinr. they
iaoh wide, wc-wod IttfeD tordids o-f issl^e ^immtm- o«e aad x'iy©-*
allots iwmsf aacl outald® diasstor two iiidiaa. Ttm li^*srs oi" t-pe
imi^^%i.o path in tsjb® cores i$ *557 €».# f aM tii# mi:5is^;i X#Egtk of tijii
tm0iis^iii p&Ui iB X4»4M ^S&# th& fern?, oor^s ear© tq-j^ well mitohad»
naoh hisvin^; a ma^Mmen. pfjr&sahllXty q£ 226,561, Tho m^igrmttm-tion
eunr#e for tb&j^ two mrmB m^ pl^ottsd in figw.-sa 18 awd 19*
iii Mia*al is & high Klokal sa&£::^ti^ all«^| itis c;)Spo8iti<;*i
is 72^ jsictkal, 2^ ciu'oiaiTm, 5$ eopi>i2ts.> asd XJ^ Iroxi*. It ims &
hbi^i l^^risoabiliiy* low oo©reiv« £oi?tm^ m^ low iMtt-unati^m X'ii^
densiij* Sine® it was iitfemaled %o eotssti-u^t a ^iipi^rtlo afflpliiU^r

























augd&«r »! turi^iJ oil %hQ cciifcrol viiadi-ii.;; franbtooming eK«e3^ilT»« ^
Uddiliig a Ia3*g» Olsaiig© J.r. impcdm-JS* &xjd «• i«Q:"g'& |>Oi«sfe.y gmla«
feeicyar os*b peirt jser ailligtia, aaad the *iOl@tiii2?e aopt«mt of tla? |>tA^*»
o
|f|.lfl<$i'*«> e^si b« <50iiiSvX"ia*ii^ tii.*a« will 'i^tiififcHraS fsvere shock af«l
'fixe metbod -.:;,sed iji tho ^^plii'liar ^i^ig dcscTib<&^i cioi^lsted
otl* pOU-cxA?/ eaciv, toznaid^ ooATt ^a a rsoM^i i:xz»k,«llW m&x.j large
ts-oia. "b^Xv^^ i>X&eQ€ or. the cors lasife^risil % t3-\# \m% or (;!5&( v-fis?i5ij:5gs»
t)ie woPj^ ilf^ro thei'i ?roi&cl ai"Oia¥l %m kslc^li^t box b^ a lio:£T'id^
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vluiXt)^ aseliiri^i, eud the X&sfe I'iw coil^ mnaad |yj 'knmi» tlm -^rljaiiiig
aacMn© was loo?itad at the Heivs-l Ordimije^ii Labor&toryi aM thfc ai**
thaep rocaivod siii'fi.oiaiit lastn«3fclon 1b Ifea^ ua^ tio -*'iji^ ib© ©oils,
thQ following' S0.>arat© ©oILsj »©r« womsd with #27 ^3^ ^iirs on ©awsJi
coral
il eoiis *«*» 400 t-aiW
1 soil ^DO t-,u'^0
i coiX — 100 tua^
X cc-il 50 turm
1 coll *«*»* ;fi3 turjj^
1 coll «-** 10 ttKt^
1 ooii —-» 5 tiirsoa
2 ©sila — 1 \,'jsn
fksmf a iflfisl ol' 4*W l*ia*as i*©.t^ a'mil&lsl.e oa #a<5la ik>3?##
wotaead is. simXl coila ®o thf^t ^i^ deeirssd conMB&fei^'R aC iii2'B^ i^
ttftkic^ lib© n©c«,S3£ti7' Ks^^snml ootsm^ion^*
&ttf»obed to Jones atrips, to fs.eili.ts.t^is SKjsisis'ig 6l5iu^#i5 la Ui*- siii^
trig coRMrk^tioriS*
SelsidiM dar^'-'Mlisk i-^#ctifieys wiire i*s®d iii t^iilis i4mi>-liri!et2* a&
proTlde t?j«i ru.ggti!i^?*s?t. i»sliability, arid, 1^^ 1%S^ r^^oi*'** ^
ot^A", Ciu'^^nt i'lows i'®a4il;?- £yoa tli© l5<.v,a© plati# to tisp iillaj Is^'i^r
but only lyit^ t3xta?i^'$© difi'i05.il1i;r in tha otii^3? direOteicu-j* tla© hX^i
T&slBtim^Q to iMow i>oi« the all$5' to the bei?3« plato i^ c«i^ll*>d *»i'ev#ra®






Sttt^SfvXO '!^i£)RQM(lWS arf:^ *f»/i frSfi",;
^'4£a«;^
54
forward rofii»tand«« Thus «fteh rlftte is a hetlf «mr« reoilfldr. The
r«ot,ifl»r« u«o4 in th® <5ireult» d<?scrlb«d in tl?la aoaar w«ro four
units of thr«» piftt«» aaoh, Bj»iHii.'aciiiir©a ay t^a i-acio -'f^^; "; -






w©rt» v:;s©d bacsuviea the/ m^s^ rssa^ii^ avi&ilcibl© in tlie- Xabarii'&aiir*
the results oHaiisjS a3?» pm&m^^i^ Is |hi|$ , S@§|ior»«
P^^^m^l^^fri ^ic£ %;,^^p^^ .y-^^Wi.^;^,
Hi© first st«p in, Uis ^ssj^^ris^al nas to defeei'mlij© ti.i» pfro^
per s^-c s'^pli' Tfoifea^ %o hj Vimd» "Sim cistsidt ttscjd »afi the series
21^ ,a25d ^Jicri'i ijUct v^tbAti s large wlt::-g© s-Kisg^© tii>s Xoarl c^trreiit Is
lual»i*at@s the cusreEt tTisx^loru^ alK^ract^r of tii© is£i.£;3i'i>tic fi£i,.Cli^
the lino volt:..--:;-3 j/itli isaro coiitrv^l em^rant :m tikit tlie ra^rdjsiav. i'liix
dmiait;^" la iiio ooi^s is ^'^% at tne ioitJo ^: . .i.oa ami?©*
^bi^ v-oit«;*i^ is IBs on«t''ii|.'#s5.<3i t^
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saturaaod.. ^.t this po5-r!t t!j?i cMr^-j.ctsridtie c'^ttb fl^-.tters otjfe sad
a ItiTthor inc."- ..:o c ui^Ai,.- uo^^ :v:>!y roa^^x iii a iXoiiasr ii: .:..:..
o
of %m 103342 C'-irr^s.^.
ftt^a Slgui'O 21, it l0 dotor?2in<ad thc^.t tho desirsd OTs®rr..tiag
ctxrv© rieid for tlio aai^iifliax' »i.t.h Mu Mortal eoi-tiis am cmTespoBds
*o Figu.ro 11 1;^ thsi hoMe, thooi-/ section of tihlu papstr. ^he 'i^aXti-
(curv® a) with its o&Q^i>v at tli# origin, ?aid pai*i?iir^- tiixj;-?Ki^'i ysBg
l^oij^ S--20 volts* ^^ ^lllp&iail cui'2:*«t op©r*xtir4' l^oxm (m^rm
l>) v&M -^tttjd udir^g tn@ relation Ir » ji ' 4^ ^^ ^'^^^ ^'^^
mi«fuX Ksi-igo is 9^®sx to 1;>@ |»tu5ti<mlly a straight 11»»
f^M^^. ^^<^^ %%k9^ ^m^-^
t9«d ill assewj:jli5|; t>h& pm^foriiaisffis© oi" th® 'mrioit^ al£,'Cvd.ts tisstsd#
fi3JPQfit|piottt &iiis 00S£iy,- fell© ca'itlma^ls mai&ri w-dis© o.t Um &l%&iim.%^
ii?g load omTQixti i& rmamw^ ^xm. sjilotfesd, 2^ (SO) is asasiar®d
across tli© d-*© ie'5.TSiijtjala oi' a lUU. »bv® i^^at.iXies* 'l^iriiSgiti «h3 ^tsoim
in FigiLves 3 aud 13,
CurvTB (a) oi' Fli^m'© 22 is tii® oOfSirol cjimracteristic fm'-
th0 9<»ri©8 circiili^ mthout xooc^bucici iiXtistrat<ad in Figure 3» i?li©
iik>p«( a^ tii-s oiiS'TOi i{3 eqml t-;^ ti3it& theor^tlGsr*! 'mlue ^»1# -^itxl it
is liaoar up to tbe .IS^-t ot 2-# mdaan Is deii2;iri:a^ l^ Ui^ vsila^
oi' ^l'i@ iipplisd ijti-itago ami tliG total im^l eireui^ s-iatsist^no©*
• p
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13# In thi.s case. It = I =-1200, iosd S^* 600, Hierarorc the
vaii;© or xeatlbtiCi!: is^ x 100 = 50§&* this oisrw tileo is linoar,
&£i^ Ita &lo|3w is ec^isai to iJj© theKJa-etioui -^0,1^, iSl St—, r 2#
It 1- -Of
Curve (c) of Fig:u2'BS 22 was laadi^ far tise &ssm circjulfe, «itli
|L ia!O3?©a0«d to 900 ^furas. fh© I'^joilbcysk: is 75lSf sjsd tho slop© of
tha Gharaotorlstic L.g7.'oee i^itii the thooi-etiCi-X 'r^ilu© ot 4«
Curve (d) re-prsiS'gints th?i scsrl-us C3lrcid& witii 9C^ :.'eaciljaok*
^•lu slope is 10, aM the rssj-ilts corro^xjosxi with theorsjticsl v:s.rae'Sii
It sliovdd be- i;-ot@d -^i-ivt usitli no Toodba-ek ©fi'sct, U:.o char-*
auotorlatie is s^iaraetrissl aboi^ tliss aaro aoj^Aj-ol cmx^nt liiMJ, eml
that tliOi!'® is a mss^lX iraiit-st of 1 at IfOj^ d^a© to lih^ &ijt tlist
tit® i-tipodam?© of ti-i@ load "siMijLQS &t this poiitt is lilgli but iiot
infiniio* M yi«i feedback ia increiii.i3ed, U^- cfesiraattjrleitlo (X£*o©^o«
t>Ma Ig* line at lilf^r i?&Xi.ies of 3L ^ as3d roociMS a ainisiiaa vulim
at increi-vairigi;;^^ gr©£it©r i^^:.i,±^ v&Lvif^& of I * flis slO{>o to tis©
left of tb© Biaaiiar^ X-, I0 Oj^mik^^d as i'ijedljaas; la iacro&sod*
if
WiQD. IL. is iaci'OiiaiSd to 1200 ti^tiSj, %m circuit ie cijert;ting
at 100^ f«odbadK» Omrm (a) 0:1! Figt^r© ;?3 is 'ttte ciJaarsiatoristic Tog?
tiiis c&sei it is m^Ti tm-t th© kJlope Is r&i^-l;;.' coiiutarit ovar ^ ooja-
sid@rablt2 raiigc? bti!; im.0 £»t i^Q&t^ssd tha thfeOi-sg^iCo-Ji ir«:i:iaite '?£ulia6#
For sffistibew ^iis** the t'us'sjs in -tli© .feedback vtlntilr^ are
9p?e>atQr bj £l asjali piiiiiilwn» |Imi& wioev in txi© x^oyur sii.siini;# Tbe
id)
cd^ d » H b-
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T&>%io S Is y^'^7 oriticaX* A chatjg* oi' oa© turn iifi soverai liyri;-
Jm thla cix'crdt it wxb .josaibl© to i-aisMi Ii:^ t^ i;j05 iu*iasj» and tlae
aaplli'ier ifnQ atili stabla, '^iiis ixi .ihown as c^ti've (b) in Figure
Z3* ^liOii 1^. i«is Jsad© 1206 ?>u*"tJ8t, the e-^,pXift^7; hi^c^m imsf>&i>l0«
Tiai* esEfcxa tun^ al>ov© l^'tK) •ai'Jk.o \3^ Toi* losasu iri tis© rectiii^ra*
gakii^ fuI7i. us© of t>-!ao TKlndiJ5^"S av&i'laKla oj.i the c-or^s»
It was poa-aiblo tt) i»ertaas« tli© eoistroi tm'-ii& tio 2000^ -uldl^ Urn
pou'or tiaA"ii« WQr© left at 1200 arid tJia ioodbaek feurus at I205«
Thla ooa.bii:^tion ^avB tb£> rc^'-X-lf-.e ^slotitod &;-^ 5iurv© (i^j i'ii Figure
24^ aikl reproserita tho asazisaas pomxi: (jfciii Qbtiiiisd with this saa-^
pajiliir at 60 ojcIqs*
T^ .xjwar gain of & laagjit^tic £mpli.\'ier ig dicjiiiied as tli©
ratio oi' tbe OlifiSigQ i& pc^vor @ai?plls»d to ilt& loeul to t£u^ cxumgo
in iX)i*er disaipatdd in th© cou'QroX t^iiidliig* ^ut is*
?ClEeiE- ge.ift - ^SmZ-M^^
^
eha-i-actiJi*lstic eunr© ia cssarw^ (a) in ilg'ti^'e 24# i'sa- tii© w^agt^iiig
\ = 50 OljBJS
A Ijj « 50 X icr^ «i^jer<ai
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Aa a^)pcoxisMkt* cfesagrureiEssiiifc oi' the t±c® eoiisfeant for tht
naadawi ®ftla oirouit iss^a smde by i^Xacing tij«> mlt£ig« across th©
ioacl ou an oacillasoope, aad obearviaag tlie tla© takmi for ^Ni
load volts^ %G btiiXd up to 63^ of ita I'lnal vfxlusj. The tiba©
oXapsod «Rae oeasiired to be about 3 1/3 secoMaj th^^t is, the sosj-
plirtar had a tis© dcia;^' of about 200 {^'elea^ iisiic ^^ oxeles
par S€«oi3d si;^!^ frequeric^. Aa indicated bf^ flgur© 17, tMs
dela^ Oim ]>e d©«r0^^9«d by ijaoreasitisg th© resist^ittcss in %im itaiydk
cirouit, or li^y i^aduciiig lili© awabswr o^ f6«4^ak tmtie*
l^ a po4«iibloiai^t<3r,. ulu-o^i 3(X) tmn^ an m^c^i hqtqp tlie v&^>U^
£i^Y mw» biased 00 that tho o|»»rij,fcing .,:aS3^ of %lm ^^pliil^r '^'fas
c£tnter<^ <?» tlif iioe I ~ 0, fl-iia cir«»i-d1i is ixLotted ©.s cunre (b)
y
iii figiLr® 24*
figure 25 i3 tliQ c:Ii,>xacteristic cuttq for tfeaa piiTull&l cireuit
wita 0©li*3=atui\3;tiaa shov?ii Ik flgiii-e I6* X» tliis oircuifc, U = 1200,
C
B •=- 24DO, aad IJ«= 0* Ths i-^aaiiite oHaiadsd ¥^xt& ijisdlar fee those
for tlio series ciroiilt witl'* i«-Hj^.
istics Oi' n..^:notic /asx^lli'isrs iitiilais^? a supi^Ls" ii'sqi^iiay of 40O
cyelos por , .J. aa vm© i'oiXoiffSd xor 60 c^'cio© ^^t ©oeo»d#
IVg© Figure 2^, tii© piX)p©r op^urcwtiag vaLia|^ mis d^toi*
#.-4«v V JjWWUf.-
-Ciii •_:.,; ^ij: J^.
a^i.0-,. ! ^aol'
1 T^ ^AL.'itJ
ii:;^. . «wW 4|iii'>ttrti.;
4bMl lo taOun
-i.-.t.- w. ir.




imvFWFI ^m: J ! ji[|i, i r , |' i!H ! i i L| i n! [ JiJi |:=ir^ip!'iv^]r(ii!'|iL;ii
ji:.
i_ia.-;fii|iini'::.




















































































mbmid, to bo 45 volts*
J-l^jui'o 27 3iio:?s wh t the theoretic-^ slopoe moTQ olJtwiin^^
&Dd til© ck^raoterisliic cnirwea iiseiij' or^or tla^e Oiser^fciag run^, fc^r
ao feedbaok axid 5C§K f©^dJjack, with 1 « H^ "= 4^#
wim n ' 3600, H = 4rx>, and I^= 200 (50^ i'mdhack^) the th«oroti-
0al slop© should be 4-r "" ' "-"""" / = ^^^ I X / = XS*
Ibis is the act-xasal sioi^e of the eiirn?© iii f4^*ur® 27*
figm^e 29 ahosts tii© clij:i3rti0t<*ri&tic omrms for S^= 3600*
C
jt «400, and Hp- 400 tiirijs {XQC$ feodback), and t»ie isicroas© Ui
slOi>«> obtainod i^-^ ^Mlug two MditiaiaxL feodbadc turm. An ajkli-
tio»al i'eejSllXiOk tui^D sad© %m implHi^v uiiataJxl^B,* T&s© p«W8fssr gaini
eo!eput©d i:«P6r the range, 195/iA.a<.I < 230yuLa, iss
A I- =35 3£ 10"^ ami>or0S
B|^* 50 oiuas
»%. PowQi" gain =i2J^ILSl X iO^= 37*1 :c 10^ .
t^His tJa© saasisasii pomir t^&iM u»i2ig 4^.) (^"oXa iSuppi.^^ jLs
27' h^^.








































l^rious types of core ms-torialsi for Esaa-netic cu^ilificrs
are availabisj %m factor's cl©teiisiai:cig mlcii r«&t©risl is beat
suitod for a poriiic-jias' ai^.>iicati;>a luisj si^oai ^sowar avaS,.labi0,
ovoztdl ^ciln i-eqxidlr^Mi, povm: o-ati>ufe rsqiaijrsd, ajad the ^i.jse feriet
«»l#l> of tha 6srxliri©r» J?or the uuapg^sJ-ua cdT tliis essay, Mtt
Xa tJsffi 3€rrie*a circidt with no im^hs:^$ tJbe tearifj saasd^
Bho« tliat tib© r©iatio»shii> botweeri I_ ajjd 2^ over tii« mji-feU^g
T S
When iioaitiv© feadJKiCk io iniroducsici, fciii^i imstlojasidp
i0 #11010^ %ot «&«-«• --4-7 thi© osprossion hsld for
aclii^ feo liboiJ© given li;^' tliis ar^seircNtuxmis balto^J©*
fhe aay.iaaga ^wqt gain i'or aia sEipXli'ier is oMalneci l^
? adttitiaaai reodtsick tmtm abov© lOQ^,. ^i^rs feedback io de~
i'ined as -«•» • lintH tli© aia;.jIii"lQS' beoomas ^jassfcatxto, fh^ greatest
ms^>siT of fo&dlMim. tisriis paiTsittliisg staM.© ox'sorwiloa of iha mi:>ii^
fier providsa the iii^^^st ^--i^i, t^» procsd'iire is not rocoimsBdod
I'or praetioal pur-xaae^, Jio?^*T©r, as tb© tm'ijs o-rar 1(K$ T^^dbadfe
sakA iXj? for lossss in tlie r^ctirisr, miloli c3i:-i...iv:G »Tlth ts®|)©.ratvir«
aad ag&, iaosd an as^diTier sdilc^ Is staM© ujjd#r cssas wit of testing
conditions Ear bocoise lAnstabXs i^isr; the t^-rjeraitire a^i&rsgos* F<hp

















xiot u©&d, but instead, fcwa or m>i^ stages of iasi,)liri«itioia &r«i vatd
to ^^rovida a consiatont, v©!'^-' hl^* ixjssir gain. In feliis atucjy, bc-»<*
«V^er, tho objsrct vj^xs to c^cM.evs the oaxiouEa ^^arsrv;?^ f^-is in on© srt4i0»«
Jli« i^ijeults obtalB/ad were a p^rer gain of i«12 x 10^ ijslni;; a Bv^gi^
i^qi^ncsy of 60 cycliis i>^r second > aijd 37*1 x ICr ^tijjg a sui^pay
ditions, tUie feiiao dcsXajr oi tii© astplii'lor mxs ;^X) &j'QhsB oi" tils*
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JTtMi* Follook Jaisivon ime bom in I lttsburi?;h> i •nnaylvaniai^
9tx Jun0 6» 191&« H» graduated from Dor ^ont lligh ^ohcol, Dorrnont,
Vmrnsylrojiia, In 1955 f^'* that aara© yaar antorad tha 3amagi« Ineti*
tuta of Tachnolo|!3r, puraulna; a couraa in aaronautio&l ©nfjinaaring
for two yaard* In 19^7 ha vmu aj^rointad to the Unitod atatoa Naval
Aoadaegr at Annapolie, isaryland, graduating in 1S41 with tha doy^raa
of Bachelor of >^eianoa« and was ooei^datior^d an onsign in %i^ United
States Xavy« ilo nttryf^id in Yarioue naval veasole, was oor;i'ilaeioned
a lioutanant aorf»«uidar In I9^i% and in 19^7 entered the U. 3, f'Saval
i oatgraduato .^ohool in a oourse in the ^idanoo of Guided Miseilea*
In IpAQ he wae tranafared to The John© liopkina Univareity at Haiti-
»ore, Pajryland, for two yeare, to oomrlete that eotirae in the De*
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